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Introduction
It is believed that roughly 75-90% of patients with acute low back pain recover within six weeks (Waddell 1998) . However, the other 10-25% are at risk of developing chronic low back pain, defined as pain and disability persisting for more than three months. These patients consume more than 80% of all health care for back trouble, and treatment for this population has a low success rate (Waddell 1998) .
Patients with chronic low back pain present with impaired psychomotor functioning such as decreased speed of information processing and poor postural control (Luoto et al 1999 and 1996) . In a comparative study, it has also been shown that these patients experience more frequent and severe pain and have poorer scores for physical and social functioning than non-chronic low back pain patients (Miedema et al 1998) . These findings suggest that patients with chronic low back pain have adaptive changes related to long-term dysfunction. Therefore, when systematically reviewing treatments for low back pain, chronic low back pain should be considered separately from acute and subacute low back pain.
Spinal manipulative therapy has been widely used in the treatment of low back pain. This therapy includes high velocity, low amplitude ("thrust") joint manipulation, low velocity, small or large amplitude joint mobilisation, manual traction and craniosacral therapy. However, the clinical effect of spinal manipulative therapy for chronic low back pain has not been firmly established. Previous systematic reviews of spinal manipulative therapy have produced inconsistent conclusions (Assendelft et al 1996, Koes et al 1996 , Van Tulder et al 1997a . Van Tulder et al (1997a) reported results which support the effectiveness of spinal manipulative therapy for chronic low back pain, whereas Assendelft et al (1996) and Koes et al (1996) found no clear evidence of the effectiveness of this intervention for low back pain.
Most previous reviews have used a qualitative approach to synthesising trial findings (Furlan et al 2001) . The most common qualitative methods in spinal manipulative therapy systematic reviews are the "hierarchical order" system, which draws conclusions based only on the best methodological quality trials, and the "levels of evidence" system where again the methodological quality of each trial is used to determine the strength of the evidence (strong, moderate or limited evidence; Furlan et al 2001). However, this approach considers only the number of trials favouring the experimental or control group to synthesise the findings, leaving the question of the size of the effect unanswered. Also, it has been shown recently that the agreement between similar qualitative approaches to classifying strength of evidence is poor (Ferreira et al 2002) . Moreover, methods of synthesis based on counts of significant studies are extremely insensitive to true 
Methods
Criteria for considering trials for the review To be included, a study had to fulfil several criteria. Only full journal papers describing randomised or quasi-randomised controlled trials were accepted. There was no language restriction. Participants had to be adults with non-specific low back pain of more than three months duration as reported by the median duration of symptoms. (Van Tulder et al 1997b) . A table with all the subject headings and text words is available from the authors. A manual search of reference lists of all previous systematic reviews assessing spinal manipulative therapy for low back pain was conducted. Two reviewers independently screened search results, selected the trials to be included and reviewed each article for inclusion. A third independent reviewer resolved disagreement. If any features of the selection criteria were not clearly described in the article, the article was withheld and the author written to for clarification. In situations where authors were not traceable or did not reply, a consensus of the investigators was invoked.
Assessment of validity
The PEDro scale (Moseley et al 2002) was used to assess methodological quality of the trials. This scale, based on the Delphi list (Verhagen et al 1998) , scores trials on the presence or absence of 10 methodological criteria (Moseley et al 2002) . In the primary analysis, a PEDro score of less than three was used to exclude trials from analysis.
Two PEDro raters independently rated methodological quality of each trial. PEDro raters are trained and assessed to maximise the accuracy of the methodological score. The two scores are compared by a third rater. Where the two scores disagree, the third rater adjudicates. The reliability for consensus ratings for the total PEDro score is moderate (ICC (1,1) = 0.68 (95% CI 0.57 to 0.76); unpublished data).
Analysis of data Independent reviewers extracted and analysed continuous and dichotomous outcome data.
Where there were inconsistencies, a consensus was invoked.
Measures of effect in individual trials
To determine the treatment effect for each outcome we calculated the mean and 95% confidence interval for the between-group differences (Herbert 2000). Between-group differences in endpoints or within-group change scores were used according to the data provided by each trial (Green et al 2001) . For two trials that did not provide standard deviations, an estimate of that value was calculated. One trial provided the range, and the standard deviation was estimated as one quarter of the range (Gibson et al 1985) . Another trial provided interquartile values and, in this case, the standard deviation was estimated as three-quarters of the interquartile range (Giles and Muller 1999). Pain reduction of 20mm or more on a 100mm visual analogue scale (Farrar et al 2001) and disability reduction of 30 points or more on a 100 point disability scale were considered clinically worthwhile values.
Relative risks were calculated for dichotomous data (Oxman 1994) . A relative risk of 0.70 or less was considered clinically significant, where values of less than 1.0 favour manipulation.
Pooled analysis Trials were grouped according to the type of intervention, outcome measures and follow-up time.
Where there were not multiple trials with sufficient homogeneity, the effect size of the individual trials was reported. Pooling was carried out using a random effects model to estimate pooled effect sizes (Fleiss 1993). The Continued over random effects model assumes that the studies are a random sample from a larger population of studies, there being a mean population effect size about which studyspecific effect sizes vary. Even if each study's results were based on very large sample sizes, with standard error being zero, there would be study-to-study variation because each study would have its own effect size (Fleiss 1993).
Calculation of the pooled estimate requires estimates of the variance of between-group differences in means, but some trials did not supply these data. To determine the effect of excluding trials that did not provide enough data to estimate standard deviations, another analysis was performed using the sample sizes as weights (Hunter and Smith 1990) .
Results
Twelve of the 117 identified papers met the inclusion criteria (Bronfort et al 1996 , Evans et al 1978 , Gibson et al 1985 , Giles and Muller 1999 , Koes et al 1992a , 1992b and 1992c , Koes et al 1993 , Postacchini et al 1988 , Rupert et al 1985 , Triano et al 1995 , Waagen et al 1986 . The CINAHL database yielded three of the 12 eligible papers; EMBASE yielded eight, MEDLINE yielded nine and PEDro yielded all 12 eligible papers. Four papers published data from the same trial (Koes et al 1992a , 1992b and 1992c , Koes et al 1993 , giving a total of nine trials. The included trials assessed manipulation (Gibson et al 1985 , Postacchini et al 1988 , Rupert et al 1985 , Triano et al 1995 , Waagen et al 1986 , and a combination of manipulation and mobilisation techniques (Bronfort et al 1996 , Evans et al 1978 , Giles and Muller 1999 , Koes et al 1992a , 1992b and 1992c , Koes et al 1993 . The mean (SD) duration of pain of subjects admitted to these trials was 28.1 months (24.0). Details of all included randomised clinical trials are presented in the Appendix. The study by Rupert et al (1985) is not in the Appendix. Data from that study were not analysed because it had a low methodological score. Table 1 shows the number of trials reporting relevant outcome measures according to our criteria. None of the included trials reported adverse events or quality of life measures. One trial combined measures of pain, physical impairment and disability in a single scale (Postacchini et al 1988) . In another trial, most outcome measures were reported for subjects with back and neck pain together, and only some data concerning low back patients could be extracted and analysed (Koes et al 1992a , 1992b and 1992c , Koes et al 1993 .
Assessment of outcome
Methodological quality of individual trials One trial (Rupert et al 1985) scored 2 on the PEDro scale and thus did not reach the methodological quality score threshold of 3 or greater. Therefore, only eight trials were analysed in the review. Only five trials scored 5 or more on the methodological assessment scale. The most common flaws were lack of explicit subject and therapist blinding (nine trials each), failure to explicitly use an intention-to-treat analysis (eight trials) and failure to explicitly conceal allocation (seven trials). Blinding of subjects and therapists is difficult or impossible in trials of spinal manipulative therapy.
Treatment efficacy Effect sizes of individual trials are shown in Table 2 . Confidence intervals could not be calculated for four trials, and thus only mean differences Continued from previous page between groups are reported for these trials. Dichotomous data are shown in Table 3 . Most results of individual trials could not be pooled due to heterogeneity of outcome measures or comparison groups, or insufficient reported data. In general, effect sizes were small and not significant for individual trials.
Pooling of effects was performed with two trials that compared manipulation with placebo treatment, and which reported pain on a visual analogue scale (0-100mm) at two and four weeks follow-up (Gibson et al 1985 , Triano et al 1995 . The pooled effect was to reduce pain by 5mm (95% CI: -1 to 11) on a 100mm visual analogue pain scale at two weeks (n = 155), and to reduce pain by 7mm (95% CI: 1 to 14) at four weeks follow-up (n = 154).
Adding a third trial (Waagen et al 1986) and using the sample sizes as weights resulted in a 1mm decrease in the effect on pain at two weeks follow-up (ie pooled estimate of 4mm on a 100mm visual analogue pain scale, n = 174). A confidence interval could not be obtained using this method.
We also pooled the effects of two trials comparing spinal manipulative therapy with NSAIDs at four weeks followup (Bronfort et al 1996, Giles and Muller 1999) . The pooled estimate of the effect was that spinal manipulative therapy reduced pain by 14mm (-11 to 40) on a 100mm visual analogue pain scale (n = 156) and reduced disability by 6 points (-1 to 12) on a 100-point disability scale (n = 157).
Discussion
This is the first systematic review since 1992 to quantitatively synthesise the findings of trials of spinal manipulative therapy for chronic low back pain. The results suggest that spinal manipulative therapy does not produce a clinically significant reduction in pain when compared with sham treatment, nor a significant improvement in disability when compared with NSAIDs in patients with chronic low back pain. Recent reviews have shown that there are other evidence-based physiotherapy management options for chronic low back patients, including exercise, back school, multidisciplinary rehabilitation, and cognitive behavioural treatment (Van Tulder et al 2001a , 2001b and 2001c . Of course, in contemporary physiotherapy management, some of these options may be provided in conjunction with spinal manipulative therapy.
The results also suggest that spinal manipulative therapy is not more effective than NSAIDs in reducing chronic low back pain. However this is less conclusive, since the most optimistic confidence limit for the treatment effect is clinically worthwhile (40mm reduction on a 100mm pain scale).
Considering that patients with chronic low back pain typically have higher levels of pain and disability than patients with acute low back pain (Miedema et al 1998) , the estimated effects of most individual trials seem too small to be clinically significant. 1999). The trial by Giles and Muller (1999) is a low quality study that found a large reduction in pain with spinal manipulative therapy compared with acupuncture. This finding may simply reflect the fact that low quality trials are associated with an increased estimated effect (Moher et al 1998) . In the trial by Evans et al (1978) , more patients in the spinal manipulative therapy group believed they benefited from treatment, but it is unclear what the benefit was, as the pain results suggest that the spinal manipulative therapy group experienced almost no change in pain compared with the no treatment group (Table 2) .
Furlan et al (2001) conducted a critical review of earlier systematic reviews in chronic low back pain, identifying nine reviews in spinal manipulative therapy. Eight performed qualitative analysis of the trials, the most common approach being the popular "levels of evidence" approach, in which the strength of evidence is classified according to the number and quality of trials. One of the problems with the levels of evidence approach is that varying definitions of "levels of evidence" generate different conclusions on treatment efficacy (Ferreira et al 2002) .
In our review, we present the size of effect for each trial. Although heterogeneity of the trials has prevented pooling of some of the results, we believe presenting the size of the effect provides more information than qualitatively analysing the trials. In the future, improving methodological quality of the trials is essential if one wishes to draw more conclusions on the efficacy of spinal manipulative therapy for chronic low back pain.
Conclusion
Spinal manipulative therapy is not substantially more effective than sham treatment in reducing pain, nor is it more effective than NSAIDs in improving disability of patients with chronic low back pain. It is not clear whether spinal manipulative therapy is more effective than NSAIDs in reducing pain in chronic low back pain patients.
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